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Introduction
There is a vast literature on growing wage inequality between different skill groups. Numerous studies identify an increasing wage gap between high-skilled and low-skilled workers throughout Europe, the United States and most other OECD countries.
1 Because the wage premium has risen while the supply of skilled workers has increased at the same time, changes in labor supply cannot be an explanation for the empirical findings (Blum (2008) ). The economic literature mainly states two arguments that explain the increasing demand for skilled workers: international trade and skill-biased technological change. International trade affects the widening wage gap through two channels: First, as the Heckscher-Ohlin model predicts, the relative demand for high-skilled workers increases if the relative price for goods that use high-skilled work intensively rises. This leads to an increasing wage gap between sectors because industries that produce goods that use high-skilled labor intensively benefit from the rise in the relative prices. Second, the relative demand for high-skilled workers rises because production stages that use low-skilled labor intensively are increasingly outsourced to low-wage countries (Feenstra and Hanson (1999) ). Skill-biased technological change increases the relative demand for high-skilled workers within industries. Low-skilled workers are more and more replaced by a higher degree of automatization, and the ongoing computerization increases the required qualification of the remaining employees. Therefore, the relative demand for high-skilled workers as well as the wage gap increases. In this paper, I focus on structural change as another possible determinant for the increasing demand for high-skilled workers that is still widely unexplored in the literature. During the last decades, the wage gap increased not only in parallel to the increasing international trade and ongoing skill-biased technological change, but also while the economies of the developed countries, such as Germany, experienced a significant structural change. The sectoral reallocation has led to systematic changes in the composition of employment, i.e. a declining employment in manufacturing and a growing employment in the service sector. The closest related literature is represented by Blum (2008) who investigates the effect of structural change, international trade and technological progress on the rising wage gap in the United States. By using aggregated industry-level data, he confirms that the rise of the skill premium occurs in parallel to the change of the sectoral composition since the 1970s. In manufacturing, the employment level as well as capital accumulation have declined, whereas they have increased significantly in the service sector. Blum (2008) argues that capital is relatively complementary to low-skilled labor in manufacturing but in the service sector, it is complementary to high-skilled labor. Therefore, the structural shift of the U.S. economy causes a change in labor demand, which favors an increasing wage premium of high-skilled workers. Blum decomposes the wage effects of technological change, increasing international trade, changes in the sectoral composition and other factors on the U.S. wage gap. He concludes that structural change in the U.S. economy accounts for 60% of the relative increase in wages of skilled workers between 1970 and 1996. This paper investigates the effect of changes in the sectoral composition of the German economy on the widening wage gap and puts focus on structural change as an important cause of the rising wage gap. For that purpose, I have access to a very detailed micro data set, the "Establishment History Panel". On the basis of this data set, I am able to analyze the impact of structural change on the wage gap much more precisely than other empirical studies that use aggregated industry-level data, such as Blum (2008) . First, by using industry-level data, it is only possible to examine inter-sectoral changes of the employment. If there are merely information about the employment at the industry-level, the respective analysis has to assume that all employees within an industry perform tasks that belong to this sector.
2 Thus, only changes in the total employment of the respective industry can be observed. In this empirical work, I highlight that it is not sufficient to analyze structural change solely by considering an inter-sectoral reallocation of employment. The data set I use provides evidence that besides inter-sectoral changes, there is a significant process of intra-sectoral transformation, i.e. in addition to the rise of the employment in the service sector there is an increasing share of service occupations within the manufacturing sector. By investigating the employment structure within establishments, it becomes apparent that the structural reallocation is much more meaningful after accounting for intra-sectoral changes since there is an increasing number of manufacturers that produce services. 3 Hence, all empirical investigations that are based on aggregated industry-level data underestimate structural change because they ignore any intra-sectoral changes. Second, by using industry-level data, the impact of structural change on the rising wage gap is likely to be biased since it is not possible to control precisely for a wide range of effects that also have an influence on the wage structure. For example, it is not observable if some industries have experienced a market concentration, i.e. if there is a decreasing number of establishments that have become larger over the last decades. The economic literature points out that larger firms tend to pay higher wages for high-skilled workers, 4 therefore a market concentration would foster the wage gap. In addition, industry-level data do not provide any information on the establishment structure. For example, a higher share of high-skilled employees or a rising share of female employees also increases the wage gap. This implies that industry-level data may link wage effects to structural change that are in fact caused by other factors which would lead to an overestimation of the wage effects of structural change.
The main contribution of the current paper to the literature is thereby the analysis of a rather unheeded cause for the rising wage gap by estimating the effects of structural change with a very detailed and unique establishment-level data set. I have a detailed insight into the German economy and observe the structural change over the last three decades very closely. Therefore, I am able to determine inter-sectoral movements as well as intra-sectoral changes of the employment on the basis of the occupational structure within the establishments. This leads to a very precise identification of the true extend of structural change in contrast to empirical analyses using industry-level data. Furthermore, the micro data set allows me to control for a wide range of additional variables at the establishment-level that also affect the wage gap, such as the share of high-skilled employees, the share of female employees and the firm size. In addition, I am able to control for the large establishment and industry heterogeneity within Germany. Therefore, to my knowledge, this paper provides the first analysis that accounts for these additional, important information that other studies, such as Blum (2008) Oi and Idson (1999) for a review of the empirical literature.
5 Blum (2008) analyzes the impact of wage inequality in the U.S. by constructing a multi-sector general equilibrium model and decomposing the effects of the structural change, international trade and technological progress on the wage premium. For the empirical analysis, Blum (2008) uses sectoral data at a 2-digit level from 1970 to 1996. In contrast to this, the OECD explains the determinants of the rise in wage inequality with international trade, technological progress and changes in labor market institutions by using a fixed-effect model with data at the macro-level for all OECD countries from the early 1980s to 2008.
German economy and the effects on wage inequality. In contrast to other studies, such as OECD (2011) that consider all kinds of income 6 to analyze the rising income inequality, this paper focuses on wages since the wage gap is the driving force behind the increasing income inequality (OECD (2011)). For that purpose, I have access to an extensive micro data set that covers 36 years and provides a detailed insight into a 50% sample of all German establishments in a given year. The BHP contains valuable information on establishment characteristics, e.g. the date of first and last appearance, the 3-digit sector classification of the respective economic activity of the establishment, and the region where the establishment is located. Furthermore, the BHP includes information about the general employment structure (e.g. number of employees), the structure of employees by educational and vocational qualifications, the structure of employees by Blossfeld occupational groups, 7 the wage structure and activities in research and development. To control for the effects of international trade, I include sectoral data on exports and imports for Germany. The data show that the German economy changed significantly in the last three decades and thus confirm the findings of Blum (2008) for the United States. In the 1975-2010 period, the wage gap, calculated as the difference between the top and the bottom quartile of the wage distribution, increased by almost 26%. At the same time, the share of employment in the manufacturing sector decreased from 55% to 38% and increased in the service sector from 45% to 62%. Due to the information concerning the structure of employees by Blossfeld occupational groups, it is possible to distinguish between the tasks of the employees within an establishment and account for intra-industry changes. On the basis of this information, structural change is even more striking. This means that it is not sufficient to consider solely inter-sectoral movements. Starting from almost equal shares in 1975, services account for 69% of the employment in 2010. This trend is also reflected in the capital accumulation between manufacturing and services. Especially in the 1990s after German reunification, capital accumulated largely in the service sector. Moreover, the data highlight that the rise of the employment in services has not led to an equal increase of all service occupations. It can be shown that the higher the required qualification level of an occupational group is, the higher is its growth in employment. Therefore, structural change contributes to the increasing relative demand for high-skilled workers and the increasing wage gap in a similar way than skill-biased technological change. The empirical analysis is conducted as follows. The dependent variable, wage inequality, is measured as the difference between the top and the bottom quartile of the wage distribution in a respective establishment. To ensure meaningful wage quartiles, only establishments with at least eight employees are included in the calculation. The independent variables in which I am particularly interested are the structural composition of an establishment, international trade and technological progress. The structural composition is measured as share of employees in a given establishment with tasks in services or administration. To control for increasing trade, I use sectoral export and import data for Germany. Technological progress is measured by the number of engineers and scientists within an establishment. I estimate the impact of these variables on the German wage gap by a fixed-effects model, which includes various control variables at the establishment-level, time and industry dummies and controls for the unobserved establishment heterogeneity. To check for the robustness of my results, I run various specifications of the fixed-effects model. In addition, I also calculate my estimation by a pooled-OLS and random-effects model. The results show that the structural composition has a significant positive effect on the wage gap. If the share of employees with occupations in services or administration rises by 10%, the wage gap increases by 4-7%. In addition, the effects of structural change on the wage gap is much larger within the manufacturing sector. If the estimated coefficients are standardized, i.e. corrected for different levels of aggregations, the effect of structural change decreases but is still positive, significant and comparable with the effects of international trade. I also estimate my regression model with more aggregated data and show that the wage effects of structural change would be biases and/or ignored if industry-level data would be used. These results support the proposition that structural change increases the relative demand for high-skilled workers and therefore fosters the wage gap. The rest of the paper is structured as follows. In the next section, I give a brief overview about the causes of the increasing wage inequality that are mainly discussed in the literature. Furthermore, I introduce structural change as another reason for the rise of the wage gap and summarize some theoretical approaches that explain the driving forces of structural change. In section 3, I present some stylized facts about overall movements of wage inequality, employment and capital accumulation in Germany. Section 4 contains a detailed description of the data set that I use. Furthermore, I introduce the empirical model used to estimate the effects of structural change, international trade and technological progress on the wage gap in Germany and present the empirical findings and robustness checks. Section 5 summarizes and concludes. The appendix provides detailed information on the data I use and presents industry-specific regressions as well as the results of the robustness checks.
Theoretical Background
The theoretical literature mainly explains the rising wage inequality by the increase in international trade and the ongoing skill-biased technological change. In general, international trade is supposed to affect the widening wage gap through two channels. First, according to the Heckscher-Ohlin model, the relative demand for high-skilled workers increases if the relative prices of tradable goods that use high-skilled labor intensively increase. The decline of relative prices for goods that use low-skilled labor intensively leads in accordance with the Stolper-Samuelson theorem to a decline in the wage for low-skilled workers, whereas the wage of the high-skilled workers increases. Empirical studies show that this mechanism holds for the 1970s in the U.S. (Leamer (2001) ), but not for more recent periods. Berman et al. (1994) find no evidence for a significant causal relationship between changes in international trade and labor demand in U.S. manufacturing in the 1980s. Moreover, the Stolper-Samuelson theorem predicts a decline in the relative wages of high-skilled workers in unskilled-labor-abundant countries as a consequence of international trade. But, in the course of the increase in international trade, wage inequality rises in both developed and developing countries (Goldberg and Pavcnik (2007) ). Second, the relative demand for high-skilled workers rises through outsourcing of production stages that use low-skilled labor intensively. Since the mid 1980s, multinational enterprises began to unbundle their production processes by creating global supply chains (Baldwin (2006) ), because trade costs decreased substantially due to advances in transportation and communication technologies (Freund & Weinhold (2002) ). Therefore, the outsourcing of production stages that use low-skilled labor intensively to countries with much lower wages became profitable for an increasing number of establishments in developed countries. Hence, the relative demand for low-skilled workers in the industrialized countries has declined. The empirical findings for the relationship between outsourcing and wages are very heterogeneous. Baumgarten, Geishecker & Görg (2010) investigate the effects of outsourcing in Germany and conclude that the effects strongly depend on the extent to which the respective task of a worker can be relocated abroad. The ease of relocating a workers' job is not necessarily correlated with its qualification level. 8 Taking cross-industry movements of workers into account, low-and medium skilled employees experience significant wage declines due to the relocation of their jobs. Again, this depends very much on the "offshorability" of the respective job. Other studies, e.g. Feenstra and Hanson (1999) , estimate a significant outsourcing effect accounting for 15% to 24% of the rise in the demand for high-skilled workers in the U.S. between 1970 and 1996. A second explanation for the rising wage gap in most industrialized countries is skill-biased technological change. The shift in the relative demand for skilled workers occurs in particular within rather than between industries in contrast to what the traditional trade theory predicts. Similar to the outsourcing effect, but in contrast to the Heckscher-Ohlin effect, skill-biased technological change increases the relative demand for high-skilled workers within industries. Labor saving technological progress replaces low-skilled labor by a higher degree of automatization, and the ongoing computerization raises the required qualification of the employees.
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Numerous empirical studies support this effect. Berman et al. (1994) show for the U.S. that two-thirds of the employment changes of high-skilled workers and more than half of the wage changes happen within an industry. Berman et al. (1998) confirm the importance of this effect for developed countries, including Germany. Feenstra and Hanson (1999) find evidence that skill-biased technological change, in particular the increasing computerization, accounts for 8% to 36% of the wage gap within industries in the U.S. between 1979 and 1990. This paper focuses on structural change as another possible source for the increasing wage gap that is widely unexplored in the literature by now. The theoretical literature explains structural change as a process at a disaggregated level behind a balanced growth path at the aggregate level of the economy that is in line with the Kaldor facts (Kaldor (1963) ).
10
Clark (1940) and Kuznets (1966) describe structural change by looking at the continuous decline of agriculture in terms of output and employment that comes along with long-run increases in income per capita. Nowadays, the focus is on the increasing importance of the service sector. The systematic changes in the composition of the economy take place at a more disaggregated level (at the sector-level or industry-level) and are commonly defined as Kuznets facts (Kongsamut et al. (2001) & Alvarez-Cuadrado and Long (2011) ). Recently, the literature developed several multi-sector growth models that allow for the process of structural change and still guarantee a balanced growth path, i.e. combine the Kaldor facts with the Kuznets facts. These models can be classified into 9 For a review, see for example Berman et al. (1994) , Berman et al. (1998 ), Blum (2008 . 10 The literature on economic growth traditionally features in models that assume a trajectory where the growth of output, the capital-labor ratio, the return to capital and the factor income shares are (roughly) constant over all sectors. In the last decades, these Kaldor facts (Kaldor (1963) ) determine the literature and, therefore, models on economic growth assume restrictions on preferences and technology to be in line with these Kaldor facts (Alvarez-Cuadrado and Long (2011)).
two groups concerning the assumption on the driving force behind structural change: preference-driven and technology-driven structural change (Alvarez-Cuadrado and Long (2011)).
In the first category, structural change is the result of different income elasticities of demand across goods (Kongsamut et al. (2001) ).
11
As the economy grows and income rises, the demand of consumers changes. If e.g. capital accumulates and income per capita rises, demand (and therefore resources and production) is shifted from products with low demand elasticity, such as food, to products with high demand elasticity, such as services or luxury goods (Kongsamut et al. (2001) & Foellmi and Zweimüller (2008) ). This leads to a decline of agriculture and manufacturing and an expansion of the service sector as it can be seen in the data (see Section 3). The second category of models argue that technological differences across sectors are the driving force behind structural change. They can be classified into two different mechanisms: First, Ngai and Pissarides (2007) assume that structural change is the result of different TFP growth rates across sectors. Second, Acemoglu and Guerrieri (2008) suppose that differences in the elasticity of output to capital and therefore different factor proportions across sectors cause structural change. If sectoral TFP levels diverge or capital accumulates, these differences lead to changes in the sectoral composition and to an unbalanced growth at a disaggregated level that is in line with the Kaldor facts. Recently, Alvarez-Cuadrado and Long (2011) developed an additional model of structural change that is consistent with balanced growth at the macro-level. By assuming sectoral differences in the elasticity of substitution between capital and labor, the authors examine another source for technology-driven structural change. Due to different degrees of "flexibility", i.e. different elasticities of substitution between capital and labor across sectors, the sectoral composition of output changes systematically if relative prices of factors of production change.
12
In summary, there is a large body of literature that explains possible causes for structural change and the transmission channels through which the mechanisms work. All models emphasize the assumptions of the traditional literature on economic 11 There is a vast literature about the assumption of non-homotheticity as a driving force for structural change. See for example Echeverria (1997) & Gollin, Parente and Rogerson (2007) . 12 If the aggregate capital-labor ratio increases, the more flexible sector can substitute the relatively more expensive input (labor) into the relatively cheaper input (capital) more easily. Hence, it is able to reduce the average costs of its inputs to a higher degree and will grow relatively to less flexible sectors. Therefore, differences in the sectoral elasticity of substitution between capital and labor cause a change in the sectoral composition of output since the aggregate capital stock increases.
growth by keeping the Kaldor facts but augmenting them with the Kuznets facts, i.e. developing models that ensure a balanced growth path at the aggregate level of the economy but allow for structural changes in employment and the composition of output at a more disaggregated level. In the following, I will not refer to a particular model that analyzes the causes of structural change but take the structural change as an independent process beside technological progress and international trade that affects the income distribution. The sectoral reallocation that has taken place in Germany since 1975 has led to an expansion of the employment in the service sector and a decline of the employment in the manufacturing sector (see Section 2). Moreover, the data show that the increasing service employment has not led to an uniform rise of all service occupations. The rise of the service employment has especially strengthened the increasing demand for high-skilled workers. These findings are in line with Blum (2008) . He argues that structural change leads to a change in labor demand since capital is relatively complementary to low-skilled labor in manufacturing but relatively complementary to high-skilled labor in the service sector. Therefore, there is an additional skill-bias of structural change that is similar to the effect of technological progress. Structural change leads to an increasing demand for high-skilled workers and is therefore an additional reason for the increasing wage gap. groups are classified according to the Blossfeld classification of occupations 14 and describe the tasks done by the employees. Table 1 shows that occupational groups which require the highest qualification levels are characterized by the highest growth rates. While unskilled services grew only by 71%, skilled services grew more than twice as much and semiprofessions and professions even by 343%, or 388% respectively. The same holds for administrative services. Unskilled administrational occupations increased by 34% but managers by more than 100%. In summary, the findings show that the higher the required qualification level of an occupational group is, the higher is its growth. This confirms that structural change contributes to the increasing relative demand for high-skilled workers and thus to the increasing wage gap.
Stylized Facts
According to the OECD report "Divided We Stand: Why Inequality Keeps Rising" (OECD (2011)), income inequality in Germany rose significantly in the last decades.
Here, income inequality covers all kinds of earnings, e.g. wages and capital income. close to the levels in the Scandinavian countries and substantially below the OECD average in the mid-1980s, it was almost equal to the OECD average in 2010. 15 In addition, the wage gap, measured as the wage ratio of the top 10% of the working population over the bottom 10%, rose from 6 to 1 in the 1990s to 8 to 1 today (OECD (2011)).
16 Like in the United States (Blum (2008) ), the rise in income inequality occurred at the same time as the sectoral composition of the German economy changed from manufacturing to services. By using the "Establishment History Panel", an establishment-level data set provided by the German Federal Employment Office, it is possible to examine the wages and the structure of the German economy between 1975 and 2010 in detail. 16 The authors calculate that the rise in income inequality in Germany is mainly driven by the increasing wage gap. 17 The wage gap is calculated as the difference between the upper and the lower quartile of real gross daily wages of an establishment's full-time employee. For that purpose, I calculate the wage gap as the average difference over all establishments in a given year. To ensure sufficient observations for the calculation of differences in wage quartiles within an establishment, I only include establishments with at least eight employees.
the wage gap in Germany over all establishments and industries. In 1975, the average wage of employees in the upper quartile was Euro 9.65 larger than the average wage of employees in the lower quartile. Until 2010, the wage gap has increased by 26% to Euro 12.14. The lower graph illustrates the increasing wage inequality by separating the manufacturing from the service sector. It shows that the wage gap has increased in parallel in both sectors but the difference between the wage inequality within the manufacturing and within the service sector did not rise. However, the wage gap between the sectors is very different. On average, the wage gap within the service sector is 21% larger than within manufacturing. Hence, an increase in the importance in terms of employment of the service sector leads immediately to a larger overall wage gap. Blum (2008) that the wage gap has grown with changes in the sectoral composition. To calculate the share of employment, all establishments are classified into manufacturing or services on the basis of the 3-digit classification of economic activities that is included in the BHP. 18 The data show that the share of employment in manufacturing has declined steadily whereas the share of employment in services has risen. In 1975, 55% of all workers were employed in manufacturing and 45% worked in services. Since 1975, the sectoral employment pattern has reversed. In 2010, 63% of all employees worked in the service sector and 37% were employed in the manufacturing sector.
19 Figure 3 reflects the inter-sectoral reallocation of employment that is defined as structural change according to empirical analyses on the basis of industry-level data such as Blum (2008). According to the classification of economic activities 93, every establishment is classified either into the manufacturing or in the service sector. Here, all employees of the respective establishment are assigned to the same sector as the establishment. All establishments in the classification range 11-454 are assigned to the manufacturing sector, all establishments with the classifications 455-990 are ranged to the service sector.
For further information on the classification of industries see Appendix 3. 19 The employment share is calculated across all qualification levels.
formation about the structure of employment within an establishment and therefore accounts for the intra-sectoral reallocation of employees. Together with the employment notification, the employer reports the task done by an employee at a 3-digit level from the classification of occupations (Hethey-Maier & Seth (2010) ).
21 These data are used to recode the information according to the Blossfeld classification of occupations (Blossfeld (1987) ). The Blossfeld classification arranges the tasks into 12 groups on the basis to which economic sector the respective occupation is related. In addition, the classification also distinguishes between the respective qualification level.
22 With this classification included in the BHP, it is possible to determine the structural composition of the economy more precisely since there is an increasing number of establishments in the manufacturing sector that are engaged in services (see for example Kelle (2012) ). 23 The data reflect this shift. With the information about the employment structure within an establishment, the employment in services, i.e. service occupations, is much larger for the whole period. In 1975, the employment in manufacturing accounted for 48% and services for 52% of the total employment. As before, the share of employment in services increased continuously and the share of the employment in manufacturing decreased. In 2010, services accounted for 70% of the employment share. Figure 4 provides clear evidence that structural change is even more significant if intra-sectoral changes are included. It shows that there is an increasing number of manufacturers who produce services and therefore hire a growing share of employees that perform service tasks. Since most of the growing occupation in services refers to high-skilled labor 24 , this leads to an increasing wage gap. Figure 5 shows the employment levels in Germany for high-skilled and low-skilled workers.
25
The rise in employment of high-skilled employees and the steep decline in the employment of low-skilled workers confirms the ongoing change in the employment structure. In 1975, an establishment employed on average 0.5 high-skilled workers and 4 low-skilled workers. In the last decades, this changed fundamentally. In 2010, an establishment employed on average 1.3 high-skilled and 0.9 low-skilled workers. The persistent change in the employment reflects the transition of the German economy, both in terms of the structural change and skill-biased technological change.
21 See also "Klassifikation der Berufe -KldB75".
22 For further information, see also Appendix 1 and Blossfeld (1987) .
23 E.g. advertising, data processing, assembly and maintenance services.
24 See Table 1 , Section 2. 25 The employment is calculated as average employees per establishment in a given year. Average Employment in Manufacturing and Service per establishment Source: "Establishment History Panel", authors' computation. Figure 6 illustrates the capital accumulation in Germany in manufacturing and services. Until 1990, capital has accumulated equally in the manufacturing and service sector, but in the 1990s, the investments in the service sector have grown more rapidly. Between 1993 and 2001, capital accumulated by almost 25% in the service sector and declined by 16% in manufacturing. These findings describe the structural change in the German economy, which are very similar to the movements Blum (2008) finds for the United States. Blum argues that capital is relatively complementary to high-skilled labor in the service sector and to low-skilled labor in the manufacturing sector. Hence, a structural change in capital accumulation causes an increase in the demand for high-skilled employees and thus an increase in the wage premium.
In summary, the sectoral composition of the German economy changed considerably. The manufacturing sector declined significantly, whereas the service sector grew. This is supported by the data in terms of the sectoral employment, the demand for highskilled and low-skilled employees and the capital accumulation in the two sectors. Furthermore, the BHP supports the findings of the OECD (2011) and many other studies concerning the increasing wage inequality in Germany. In the period 1975-2010, the wage gap between the upper quartile and the lower quartile has increased by 26%. Moreover, the wage gap within the service sector is much larger than within the manufacturing sector. Therefore, the rise of the service sector increases the overall wage gap directly. In addition, structural change increases the relative demand for high-skilled workers which also leads to an increasing wage gap. In the following, I will describe the data set in detail and introduce the empirical model used to calculate the effects of structural change, international trade and technological progress on the wage gap in Germany.
Empirical Evidence

Data
The empirical analysis is based on the "Establishment History Panel" (in German: Betriebs-Historik Panel (BHP)) provided by the Research Data Centre of the German Federal Employment Office.
26 The BHP is a unique data set covering the period 1975-2010 for establishments in Western Germany and 1991-2010 for Eastern Germany. It includes a 50% sample of all establishments in Germany with at least one employee subject to social insurance contributions before June 30th of the respective year.
27
The data base for the BHP is the Employee-History (in German: Beschäftigten-Historik (BeH)) of the IAB. By aggregating the individual data of the BeH to the establishment level and assigning establishment numbers ("artificial establishment number"), it is possible to create a panel data set for the full time period. Based on 26 The data has been made available in autumn 2011. For my research, I have access to the data via on-site use at the Research Data Centre of the German Federal Employment Agency at the Institute for Employment Research (in German: Institut für Arbeitsmarkt-und Berufsforschung (IAB)) and via remote data access. 27 Since 1999, establishments with at least one part-time employee are also included in the panel.
the information of the Employee-History, the BHP provides detailed information on the general employment structure, e.g. the total number of full-time and part-time employees and share of female employees, the composition of employment regarding employees' educational and vocational qualifications, the occupational status and age structure, the wage structure of full-time employees, 28 and R&D activities. In addition to these variables, the data set contains information about the establishment characteristics, e.g. the artificial establishment number, the date of first and last appearance, the district code and the 3-digit classification of economic activities. 28 The wages reported in the BHP are based on the regulations for the German social security notifications. Employers have to report the employees' gross wage subject to social security contributions for a given year. Hence, the wages are only reported up to the upper earnings limit for social security contributions in the respective year. This can lead to an underestimation of the wage gap since the upper quartile of the reported wages is cut off at this threshold, i.e. all employees that earn more than the upper earnings limit for social security contribution are included with an wage equal to the upper earnings limit. This censoring problem of the BHP cannot be solved by the imputation of wages above the contribution limit of the social security (Gartner (2005) ). The data set does not contain information about individual wages that are necessary for the imputation but only information about average wages paid in the wage quartiles of a respective establishment. 29 For further information concerning the BHP see also Eberle (2011) and Gruhl et al. (2012) . 
Empirical Strategy
To explain the effects of structural change, international trade and technological progress, I follow the empirical model of the OECD (2011) study. That study uses a macro data set for all OECD countries (OECD (2011), Chapter 2) from the early 1980s to 2008 to estimate the effects of international trade, technological progress and changes in labor market institutions and policies by a fixed-effects regression analysis. In the current paper, I use a similar empirical model, but I focus on Germany in the period 1980-2010 by using a very detailed establishment-level data set. In addition, I especially evaluate the effects of the structural change in Germany by implementing an appropriate proxy, the share of employees with tasks in services or administration (see Equation (3)).
In order to calculate the effects of changes in the sectoral composition in Germany, I use the "Establishment History Panel" together with the additional data sets mentioned above. Altogether, it is a detailed panel data set covering the years 1980-2010 33 in Germany. To account for establishment heterogeneity I use the respective establishment as the panel variable and thus I am able to control for all establishment-specific effects. 34 The estimated fixed effects equation looks as follows:
The dependent variable, ∆w jit , is the wage gap of establishment j in industry i at time t. It is calculated as the difference between the top and the bottom quartile of the wage distribution among full-time employees in an establishment:
33 Because the data for trade in services are only available from 1980 to 2010, I have to skip the 1975-1979 period of the BHP. 34 Each establishment is represented by its respective artificial establishment number. This number is randomly generated to make the data anonymous but it allows the identification of the same establishment in different years. Therefore, it is possible to merge the yearly data of the core data set to create a panel data set. Afterwards, I am able to control for all establishment-specific effects using the "areg" command in Stata. This is equivalent with creating dummy variables for each establishment and adding them to the regression. 35 The BHP only provides information on the average wage of the employees in the respective wage quartile. Therefore, precisely, the wage gap is calculated as the difference between the average wage of an employee in the top quartile and the average wage of an employee in the bottom quartile. Moreover, all estimations include establishments with at least eight employees to ensure sufficient observations within an establishment to calculate differences in wage quartiles, employment shares, etc.
The first explanatory variable, Struc jit , measures the structural composition within an establishment. It is constructed as the share of employees in a respective establishment with an occupational status "services" (E serv jit ) or "administration" (E admin jit ) according to the Blossfeld classification over the total employment of the establishment, E jit :
T rade it are exports from Germany. It is an indicator that controls for the integration of the German economy in international trade. T ech jit is a proxy for technological progress and is measured by the number of engineers and scientists in an establishment. That information is included in the BHP to account for research and development activities. X jit is a vector of control variables accounting for further influences at the establishment-level that may also have an effect on the wage gap, e.g. the size of the establishment, 37 the share of female employees and the share of high-skilled employees. V t is a second vector of control variables that accounts for effects at the macro-level, e.g. German GDP, a dummy variable controlling for German reunification in 1991 and the education level of the German population.
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Equation (1) is estimated by a fixed-effects model with both industry-specific effects, λ i , to capture sector-specific variation and year-specific effects, η t , to control for common global shocks and business cycle effects. ǫ jit is the error term. All variables are transformed into logarithms, such that the estimated coefficients can be interpreted as elasticities.
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To check for the robustness of the proxies for international trade, all regressions are estimated with both German export and import data. In addition, equation (1) is estimated by pooled-OLS, fixed-effects and random-effects as well on the basis of various different specifications 40 .
36 Blossfeld (1987) distinguishes between production (agricultural occupations, unskilled manual occupations, skilled manual occupations, technicians or engineers), services (unskilled services, skilled services, semiprofessions and professions) and administration (unskilled commercial and administrational occupations, skilled commercial and administrational occupations and managers. For further information see Appendix 1. 37 The size of an establishment is measured by the number of full-time employees. Notes: Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 All variables are logarithms, such that the coefficients can be interpreted as elasticities. Table 2 shows the estimations from the baseline regression model of equation (1). Here, the estimation includes all control variables as well as industry and year fixedeffects. First, without controlling for international trade and technological progress, column 1 in Table 2 shows that the structural composition has a positive and significant effect on the wage gap in Germany. The coefficient on structural change, β 1 , suggests that a 10% increase in the share of employees with occupations in services or administration leads to a 4.8% increase of the difference between the top and the bottom wage quartile. This supports the argument that structural change leads to an increase in the relative demand for high-skilled workers and therefore to a rise of the wage gap. Taking international trade into account, column 2 shows that the coefficient on the structural composition remains almost constant. The coefficient on international trade, β 2 , is also positive and significant but much smaller than β 1 . A 10% increase in exports leads to a 0.2% increase in the wage gap, but if the share of employees with tasks in services or administration increases by 10%, the wage gap increases again by 4.8%. Column 3 includes the effect of technological progress. The estimation shows that the impact of technological advances on the wage gap is positive and significant, too. If the the number of engineers and scientists within an establishment increases by 10%, wage inequality increases by 0.2%. Again, this effect is much smaller than the impact of the structural composition and is comparable to the effect of international trade. By including the effect of technological change, the coefficients β 1 and β 2 remain almost constant. Columns 4 and 5 serve as robustness checks by estimating the specifications of column 2 and 3 with German import data. As the coefficients show, the effect of German imports on the wage gap is higher than the effect of German exports but it is still much smaller than the impact of structural chance. All other coefficients remain roughly constant, i.e. the results are not sensitive to changes of the measurement of international trade. To summarize, the results show that the structural composition, international trade and technological progress have a positive and significant effect on the increasing wage gap in Germany. Moreover, the effects of changes in the structural composition of the employees are considerably larger than the effects of international trade and technological progress. These findings hold for various specifications of the estimated equation (1). After having identified the substantial effect of structural change on the wage gap in Germany in the 1980-2010 period, I split the data set into sub periods and sectors to investigate the driving forces behind the overall effect more closely. To check whether the effect of structural change on the rising wage inequality varies in the course of time, I subdivide the data set into three periods and estimate them separately. In addition, I estimate equation (1) only with establishments in manufacturing or services 41 respectively. The results are reported in Table 3 .
Empirical Findings
Results from the Baseline Model
Column 1 of Table 3 repeats the result of Table 2 , column 3. In this specification, equation (1) is estimated with all control variables, with coefficients for international trade and technological progress as well as industry and year fixed-effects for all establishments and years. Here, only the coefficient on the structural composition is reported. Again, the results show that the coefficient is positive and significant. A 10% increase in the share of employees with tasks in services or administration causes 41 According to the classification of economic activities 93. a 4.8% increase in the wage gap. To check whether this effect varies over time, I subdivide the data set into three periods: 1980-1990, 1990-2000 and 2000-2010 . The results are reported in columns 2 to 4. The estimated coefficients show that the effect of structural change on the wage gap differs in the course of time. Between 1990 and 2000, a 10% increase in the share of employees with occupations in services or administration leads to a 4.8% increase in the wage gap. This effect is 22% larger than in the first sub period. Between the second and the third sub period, the coeffiecient decreases somewhat but remains almost constant. This suggest that most of the wage effects of structural change occured after 1990.
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Moreover, to check if the effect arises mainly in the manufacturing or in the service sector, I separately estimate equation (1) only with establishments that are classified either in the manufacturing or in the service sector. Columns 5 and 6 report the results. The outcome shows that the wage effects are mainly driven by changes in the composition of employees in the manufacturing sector. The estimated coefficient 42 In order to check if it is sufficient to use a dummy variable to control for the effects of the German reunification in 1991, I additionally estimate equation (1) for Western Germany separately. Thus, I am able to test if the effects estimated so far might be driven by the integration of the Eastern German economy despite using the reunification dummy. The results are reported in Table 10 , Appendix 7. The estimated coefficients are slightly smaller than in Table 3 but they confirm the findings above and provide evidence that the effects of structural change on the rising wage gap are not mainly driven by the transformation of the Eastern German economy after 1991. Furthermore, the results show that it is sufficient to use a dummy variable to control for the German reunification as before.
for establishments within the manufacturing sector is more than four times larger than the coefficient for service establishments only. Furthermore, I estimate equation (1) for each industry separately. The results are reported in Appendix 3 and confirm the findings above. The industry-specific regressions clearly show that the effect of structural change on the wage gap is much higher within manufacturing industries than within service industries. In services, the estimated coefficient is smaller and often, it is not significant. This result provides further evidence that an important part of structural change occurs in the manufacturing sector. There are an increasing number of manufacturers that also produce services that use high-skilled labor intensively which leads to an increasing wage gap. Next, I estimate equation (1) with standardized coefficients. This is due to the fact that the variables that are included in the regression analysis are measured at different levels. For instance, the variable concerning the share of employees with tasks in services is measured at the establishment-level but trade data are merely available at the industry-level. Therefore, the means and variances of the independent variables differ considerably and thus, the size of the unstandardized coefficients are not directly comparable. The estimated coefficients above show that the effects of structural change, international trade and technological progress contribute to the increasing wage gap in Germany. But it is not possible to conclude from the unstandardized coefficients that the effect of structural change is many times higher compared to the effects of international trade and technological progress. To check which of the independent variables have a greater effect on the dependent variable, I re-estimate equation (1) with beta coefficients, that account for differences in the variances of the independent variables. 43 The beta coefficients can be interpreted as a change in the standard deviation of the dependent variable due to a one standard deviation change in the respective independent variable. The results are reported in Table 4 . The estimated beta coefficients show that the effect of international trade on the wage gap is much more important than the unstandardized coefficient would suggest. In addition, the the effect of structural composition is still important but much smaller than the unstandardized coefficients would assume. First, equation (1) is estimated by a pooled-OLS model. The results show that a one standard deviation increase in the share of employees performing service tasks results in a 0.23 standard deviation increase in the wage gap. Concerning the effect 43 Standardized (beta) coefficients are derived by multiplying the primary, unstandardized, coefficient by the ratio of the standard deviations of the respective independent variable and the dependent variable:
Sy . of international trade, the estimation suggest that a one standard deviation increase in exports results in a 0.25 standard deviation increase in the wage gap. Hence, if I account for differences in the variances of the variables, the effect of international trade is comparable to the effect of the structural composition. The effect of technological progress is much smaller compared to international trade and the structural composition. A one standard deviation change in R&D results in a 0.07 standard deviation increase in the wage gap.
Columns (3) and (4) show the results of the fixed-effects regression. Again, a comparison of the unstandardized coefficients can mislead to the interpretation that the effect of structural change on the wage gap is much larger than the effects of international trade and technological progress. But, accounting for differences in the variances of the variables, the effect of international trade becomes even larger than the effect of structural change. A one standard deviation change in the exports results in a 0.4 standard deviation increase in the wage gap, whereas a change in the standard deviation of the structural component only leads to a 0.17 increase in the wage gap. In summary, the results show that it is crucial to account for differences in the variances of variables measured at different levels. After taking this into account, the effect of structural change is still significant and meaningful. But now, it is comparable to the effect of international trade that is now, on the other hand, in line with the literature (see for example OECD (2011)).
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Finally, I estimate equation (1) with more aggregated data. In order to check whether 44 I also estimate the beta coefficients with data on imports instead of exports which confirms the robustness of the results.
the detailed establishment-level data set of the BHP provides additional information on the effects of structural change on the wage gap, I aggregate the micro data to the industry-level and macro-level. 45 For the calculation at the industry-level, all variables are aggregated for each industry at the 3-digit level (according to the classification of economic activities 93 that is included in the BHP) and the 2-digit level (according to the 2-digit ISIC classification of the trade data from the UN comtrade data base):
The estimated equation at the macro-level looks as follows: Table 5 presents the results. Column 1 shows the findings concerning the effect of the structural composition at the establishment-level. In this specification, I use the baseline specification as reported in Table 2 , column 3 but without including control variables and fixed-effects. The estimation suggests that a 10% increase in the share of employees with tasks in services or administration leads to a 4.9% increase in the wage gap. By aggregating the micro data to the 3-digit industry-level in column 2 (according to equation (4)), the coefficient β 1 remains positive and significant at the 5%-level and becomes even larger than at the establishment-level. With information at the 3-digit industry-level, a 10% increase in the share of employees with occupations in services or administration leads to a 7.5% increase in the difference between the top and the bottom wage quartile. However, at the 3-digit industry-level, the robust standard error increases significantly which leads to a less precise estimation. In addition, the F-statistic of the estimation shows that the regression model is not significant at the 1%-level any more. This points out that the explanatory value 45 The aggregation should check whether the micro data set provides additional information in contrast to other studies that use sectoral (Blum (2008) ) or macro data (OECD (2011)) and thus contributes to the literature by improving the estimated effects of structural change. 46 The variables are derived in the same way as in equation (4), but they are calculated for each industry i. 47 Here, ∆w t is the average wage gap over all establishments, j = 1, ..., n, in a given year t: ∆w t = 1 n n j=1 ∆w j and Struc t is calculated as the average share of employees with an occupational status "services" or "administration" according to the Blossfeld classification over all establishments in a given year: Struc t = 1 n n j=1 Struc j . T ech t is derived equally. T rade t is measured as total exports or imports over all industries, i = 1, ..., k, in the respective year:
In this specification no control variables or fixed-effects are included in the estimation. of the regression model as a whole declines in comparison to the regression at the establishment-level. Column 3 presents the results of the regression at the 2-digit level. Here, the data set is aggregated according to the 2-digit ISIC classification of the trade data from the UN comtrade data base. The estimated coefficient β 1 remains almost constant compared to the regression at the 3-digit level but now, the standard error increases again and the F-statistic shows that the regression model as a whole has no explanatory power any more. Thus, the effect of structural change on the rising wage gap cannot be determined any more. Column 4 shows the results of the regression at the macro-level. Here, all variables are aggregated according to equation (5). Now, the coefficient β 1 is still positive but not significant any more. Furthermore, according to the F-statistic, the model as a whole has no explanatory power. These results show that the establishment-level data provide important information in comparison to the results at the industry-level or the macro-level. The estimation of the impact of structural change on the rising wage gap at a more aggregated level would bias and/or ignore the distributional effects of the structural reallocation. The previous approach highlights the importance of establishment-level data by using the same variables as in equation (1) but aggregated to different levels. Next, I compare the wage effects of structural change at the establishment-level with the effects if intra-industry changes are ignored. As mentioned above, the structural reallocation of labor is much more significant after accounting for intra-sectoral changes because there is an increasing number of manufacturers that produce services. Hence, I calculate the structural composition at the establishment-level according to the oc-cupations that the employees perform. Now, I estimate equation (1) on the basis of the industry classification of the respective establishment. Here, I follow empirical studies at the industry-level (such as Blum (2008)) that have no information about the structural composition of occupations but rather have merely information about employment at the industry-level. Therefore, these studies can only examine intersectoral changes since they have to assume that all employees of an industry in the manufacturing sector perform tasks that are related to this sector (and vice versa for the service sector). I also distinguish if industry-level studies have access to further control variables such as the average firm size, the average share of female employees or the average share of high-skilled employees. The results are reported in Table 6 : Column 1 shows the effect of structural change on the wage gap as it is reported in Table 2 . Here, the structural composition is calculated according to the occupations within an establishment. Furthermore, all control variables are derived at the establishment-level. The estimated coefficient accounts for inter-industry and intra-industry changes and is positive and significant. Next, I estimate the wage effects when only inter-industry changes are observed. For that purpose, I assume that all employees of a respective industry 48 perform occupations that are related to this industry. Columns 2 and 3 present the results for the estimations at the 3-digit industry level. First, column 2 includes control variables at the industry-level. The estimated wage effect of structural change is still positive but now, it is no longer significant. If the control variables are excluded, column 3 shows that the effect again becomes significant. Hence, if only inter-sectoral changes are considered, it is either not possible to identify an effect of structural change on the wage gap or the data link wage effects to structural change that are in fact caused by other factors that are not included in the regression. Columns 4 and 5 shows the regressions at the 2-digit industry-level. Here, it is not possible to identify an effect of structural change on the wage gap.
To summarize, the results clearly confirm the importance of using establishment-level data that are able to account for intra-sectoral changes of the structural composition of employees. By using these data, I am able to analyze the wage effects of structural change much more precisely than other empirical studies, that only use aggregated industry-level data. In summary, I obtain strong empirical evidence that structural change is an important cause of the increasing wage inequality in Germany. The effects of international trade and technological progress are also positive and significant which is in line with the common literature on income inequality (e.g. OECD (2011) and Feenstra Hanson (1999) ). Moreover, if I account for differences in the variances of the variables using beta coefficients, the effect of structural change on the wage gap is comparable to the positive effects of international trade. By splitting the data set into sub periods and sectors, the estimations provide evidence that the overall wage effect of structural change occurs mainly in the 1990-2010 period and is significantly larger within the manufacturing sector. The comparison with estimations of more aggregated data shows that the detailed establishment-level data set of the BHP provides important information about the effects of structural change on the wage gap. If the impact of the structural reallocation on the wage gap is estimated only at a more aggregated level, the wage effects would be biased or even ignored. In addition, the results clearly show that it is very important to account for intra-industry changes and control for further effects such as the firm size or the share of high-skilled employees. Therefore, this paper contributes to the literature by exposing the considerable impact of structural change on the rising wage gap that so far has been largely ignored.
Robustness Checks
In order to check if my results are robust I estimate the baseline model in various specifications and by different estimation models. The output tables are reported in the appendix, Table 7 et sqq. First, I additionally calculate equation (1) by a pooled-ordinary least square specification. The estimations are reported in Table 7 , Appendix 4. Without controlling for the structural composition of the economy, column 1 suggests that international trade and technological progress have a positive and significant impact on the increasing wage gap among full-time employees in Germany. If exports or investments in R&D increase by 10%, the wage gap rises by roughly 0.2% or 0.5% respectively. Taking the structural composition into account, column 2 shows that the coefficients for international trade and technological progress remain constant. This suggests that structural change has an additional effect on the wage distribution that was hidden in the error term before. The effect of the structural component on the wage inequality is positive, highly significant and much larger than the effects of international trade and technological progress. If the share of employees with occupations in services or administration increases by 10%, the wage gap increases by 7.1%. Column 3 presents the results with an alternative proxy for international trade without controlling for the structural composition. This specification estimates equation (1) with imports to Germany instead of exports from Germany. Column 4 includes the additional impact of the structural change. Both columns provide a robustness check concerning the selection of an indicator regarding international trade. The results confirm the findings of columns 1 and 2. Second, columns 5 to 12 of Table 7 repeat the estimation strategy form before by using a fixed-effects and a random-effects model respectively. For each model, equation (1) is estimated both with and without Struc and with both proxies for international trade. The results confirm the estimations of the pooled-OLS model concerning the effects of structural change, international trade and technological progress although the effects are smaller. Furthermore, I also estimate a fixed effects specification of equation (1) with clustered standard errors for each industry according to the classification of economic activities 93. The results are reported in Table 8 , Appendix 5. The coefficients serve as an additional robustness check and confirm the findings for structural change and technological progress. But now, the coefficients for exports are insignificant. Next, I also run a fixed-effects regression that controls for regional heterogeneity by including dummies for 16 federal states within Germany. The results, together with selected coefficients of control variables are reported in Table 9 , Appendix 6. To compare the results, columns 1 and 2 of Table 9 repeat the estimated coefficients of the fixed-effects estimation of Table 8 . Columns 2 and 4 show the results of the same fixed-effects regression but supplemented with regional fixed-effects. All findings con-firm the previous results. In addition, the coefficients of control variables show that the wage gap increases if an establishment becomes larger, if the share of high-skilled employees increases and if the share of female employment grows. All these effects are in line with the literature. Finally, I estimate equation (1) only with establishments in Western Germany. By excluding the establishments in Eastern Germany, I am able to check if the effects that I derived so far might be driven by the integration of the Eastern German economy in the course of the German reunification. The results are reported in Table 10 , Appendix 7 and show that the estimated coefficients are slightly smaller than in Table  3 but they confirm all previous findings. This provides evidence that the results are not mainly driven by the process of German reunification after 1991. Furthermore, the estimations of Table 10 show that it is sufficient to use a dummy variable to control for the German reunification.
To summarize, the robustness checks confirm the positive effect of the structural composition on the wage gap. The estimated effect is significant and robust across all specifications and estimation models.
Conclusion
The current paper examines the impact of structural change, international trade and technological progress on the rising wage gap in Germany and thus puts the focus on an additional cause of the increasing wage inequality that so far has not been explored by the literature. The data confirm that the increasing employment in service occupations leads to an additional skill-bias and therefore changes the labor demand. Taking the growth rates of occupational groups within the service sector into account, the calculations show that not all occupations grow equally but that occupational groups which require the highest qualification levels are characterized by the highest growth rates. Hence, the structural reallocation in Germany works similarly than the effect of technological progress. The stylized facts show that the wage gap in Germany has increased continuously since 1975 which is in line with the findings of many other studies (see for example OECD (2011)). In 2010, the difference between the upper and the lower quartile of the wage distribution was 26% larger than the wage gap in 1975. In addition, the wage gap in the service sector is roughly 21% larger over the whole period. Therefore, an increase of the service sector leads immediately to a larger overall wage gap. Simultaneously, the structural composition of the German economy changed considerably. Taking the occupations of the employees within an establishment into account, the share of services in terms of employment increased from 52% to almost 70%, whereas the employment in the manufacturing sector declined from 48% to 30%. This structural change is also reflected in the employment of high-skilled and low-skilled employees and in terms of capital accumulation in services and in the manufacturing sector.
In the empirical analysis, I estimate the effects of the structural composition, international trade and technological progress on the wage gap in Germany for the 1980-2010 period. I obtain strong evidence that the structural composition is an important determinant for the rising wage gap in Germany. The effect of the respective coefficient is positive, significant and comparable to the effects of international trade and technological progress. In addition, I show that the effect of structural change cannot easily be identified by using more aggregated data or by excluding intra-sectoral changes of employment. Notes: Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 All variables are logarithms, such that the coefficients can be interpreted as elasticities.
